The purpose of this equivalence study was to compare an alternative method, Colilert-18 Quanti-Tray (ISO 9308-2) with the European bathing water directive (2006/7/EC) reference method, the miniaturised most probable number (MMPN) method (ISO 9308-3), for the analysis of Escherichia coli.
INTRODUCTION
and waste water, and has been used in studies of activated sludge at wastewater treatment plants (Orruno et al. ) .
There are only a few studies that report the use of the MMPN method for monitoring of surface water. Lebaron et al. () used this method as a reference method for testing of a fluorometer method for real-time operational monitoring of E. coli from seawater. Mansilha et al. () reported the results of an equivalence study conducted in Portugal between the multiple-tube fermentation method and the MMPN method for enumerating faecal coliform bacteria and E. coli. The European member states may use an alternative method for the monitoring of bathing water but they have to prove it as reliable as the reference method (European Union ). It means the recovery of target organisms from the alternative method should not significantly differ from the result obtained with the reference method. The comparison of quantitative microbial procedures is specified in ISO 17994, which has recently been revised (ISO  ).
The analytical methods for testing E. coli from bathing waters in Finland as specified in the Bathing Water Directive (2006/7/EC) were not considered optimal choices. There was very limited experience of the MMPN method in Finland, and the high limit of detection gave rise to objections to its use for Finnish clean bathing waters. The unsuitability of the membrane filtration ISO 9308-1 method for bathing water monitoring furthermore encouraged the organisation of an alternative method comparison study. The purpose of this study was to compare the alternative Colilert-18 method against the MMPN method specified as the reference method in the bathing water directive (2006/7/EC) and to evaluate the suitability of these methods for the determination of E. coli in Finnish bathing waters. To our knowledge, a comparison trial between Colilert-18 and MMPN methods for use in bathing water quality monitoring has not been done before.
MATERIALS AND METHODS

Organisation of the collaborative trial
A total of six laboratories located in the cities of Kuopio, Helsinki, Seinäjoki, Mikkeli, Jyväskylä and Lappeenranta participated in this study. This ensured diverse geographical variation and selection of bathing water sample types relevant in Finland. The comparison covered samples from both inland and coastal bathing water locations. The planning, implementation and reporting of this study was carried out by an expert panel with a statistician and representatives of the participating laboratories. The written protocol of the study was agreed in detail and tested on a training day among all the participating laboratories. All the laboratories who participated in this study had a recognised quality assurance system in place.
Samples
A total of 267 bathing water samples were analysed in this study. Among the samples studied, 225 (84%) were collected from inland fresh water bathing sites and 42 (16%) were from coastal brackish water bathing sites. The sample material included 111 undiluted water samples (42%); 36 samples were diluted prior to testing (13%), and 120 samples were spiked with sewage prior to testing (45%). Each laboratory aimed to test at least 40 water samples during a bathing season. The participating laboratories were responsible for collecting the water samples needed for their study. Separate sample bottles obtained at the same bathing site were considered as separate samples for the purposes of this study. As soon as the samples were received in the laboratory, a preliminary test was conducted using the Colilert-18 method to find the E. coli count in the sample. Only the water samples with E. coli counts of 5-20 MPN/10 mL were used in the real comparison test, otherwise the samples were spiked or diluted to fulfil the requirements.
For the dilution, the preferred water was bathing water from a bathing area exhibiting a low count of E. coli (less than 5 MPN/10 mL) and stored up to 3 days at 5 ± 3 W C.
In the case of spiking, the samples were spiked with The dilution series for the methods being tested were prepared directly before use. The tests to compare the methods were always made from the same sample bottle.
An equal sample volume of 10 mL, which is the maximum sample volume of the reference method using one dilution step, was used for analysis of all samples using both methods. Attention was given to work order. For every other sample, the inoculation of the MMPN plate was carried out first, and for the other samples, the Colilert-18 tray was filled in first. Incubation was carried out simultaneously, immediately following the sealing of the plate in the MMPN method and the tray in the Colilert-18 method.
Methods compared
Alternative method: Colilert-18
The Colilert-18 test (ISO - ) was carried out by mixing a 10 mL sample (from the same bottle as used for the reference method; undiluted/diluted/spiked) with USA) and 1-2 drops of antifoam solution (IDEXX) were added and the solution was mixed again. The filled and sealed 51-well Quanti-tray (IDEXX) was incubated at 36 ± 2 W C for 18-21 hours before counting the yellow and fluorescent wells exhibiting colour equal to or greater than the Quanti-tray comparator (IDEXX 
RESULTS
Descriptive statistics of the study data were found to be indole negative but fluorescent positive (biotypes 5 and 6; Table 2 ).
A random selection of the presumptive E. coli-negative but coliform bacteria-positive wells in the Colilert-18 trays was isolated for confirmation. In total, 1,244 of the 5,706 yellow but not fluorescent wells were tested (22%). Of these, most cultures were indole and fluorescent negative upon confirmation, but 91 cultures (7.3%) were classified into biotypes 1 and 2 and regarded as positive for E. coli (Table 3 ). The false negative rate was higher than 10% in laboratories 1 and 4, which analysed only natural samples (Table 3 ). In other laboratories, which also analysed samples spiked with waste water, the false negative rate remained below 10%.
Relative difference between alternative and reference method
The comparison between the two methods was made using criteria set by international standard ISO 17994 (). The combined original E. coli count results from all the laboratories showed that the relative recovery of the Colilert-18 method after 18 hours of incubation was 6.96% and 8.58%
lower than that of the MMPN method after 48 hours and 72 hours of incubation, respectively (Table 4 ). The confirmation changed the relative difference between the methods only slightly, with the average confirmed recovery of the Colilert-18 method being 8.81% lower than the MMPN method recovery. After the correction of false negatives, the relative difference between the Colilert-18 and MMPN methods was reversed; the corrected recovery of the Colilert-18 method was 8.30% higher than the recovery of the MMPN method (Table 4) .
As the false positive rate was low in both methods, the mean relative difference between the methods was not significantly different when analysing original and confirmed results (P ¼ 0.151-0.919) even though the equivalence evaluation according to ISO 19774 principles was different ( 
DISCUSSION
Several studies in the past have shown the equivalence of the Colilert-18 method (ISO 9308-2) as compared with N, number of cultures tested; À, the isolate tested negative; þ, the isolate tested positive.
Biotypes 1 and 2 were considered positive for E. coli (false negative). have been read as presumptive positives. Weak fluorescence has probably been assumed to be negative, leading to a high number of 'hidden' positives or false negatives found during confirmation (rate of false negatives was 12.8%). As a result, the relative difference between these methods became negative. The same explanation is likely to also apply to laboratory 1. In laboratory 5, on the other hand, it seems that even the wells with a weak fluorescence were interpreted as preliminary positive, lowering the confirmation rate to 94% but giving a low percentage of false negatives (3.4%). In laboratories 1 and 4, the correction of false negatives markedly increased the average, whereas in laboratory 5 it was less significant.
Based on the results, it can be suspected that the laboratories have interpreted the preliminary positives in different ways.
According to the colour comparator provided by the manufac- 
CONCLUSIONS
The Colilert-18 method yielded results equivalent to those obtained using the reference method of ISO 9308-3 at more than 90% probability. The difference between yields of less than 10% found in this study was not significant.
Therefore, the Colilert-18 method can be approved for E. coli monitoring in Finnish bathing waters in addition to the methods mentioned in the directive. The speed of the Colilert-18 when compared with the reference MMPN method makes a case for its use when monitoring bathing water quality. It was discovered in this study that approximately 7% of the preliminary negative yellow wells in the Colilert method contained E. coli. Certain sample types (natural samples, such as mixtures of surface waters) and possibly also differences in the technical routines between laboratories increased the incidence of false negatives.
Based on these results, laboratories using Colilert-18 are guided to interpret even a slight fluorescence in Colilert-18 wells to be E. coli positive.
